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), Rotary brake (2|%& =28|0|=)

Recently the interest in miniaturization of mechanical devices has increased and magneto-rheological (MR) fluid brakes
have been designed, fabricated and tested to be applied as a control element of various devices for assisting the elderly
people. A multi-disk modular type of design is proposed to make an MR fluid brake that can generate high torque at the
minimum size. The design parameters of the MR fluid brake were determined by mathematical modeling and the
performance was predicted with magnetic analysis to maximize the design torque. A testbed was constructed and torque
responses were measured and analyzed according to the input current for various rotational speeds to confirm the
performance of the MR fluid brake. The experimental results showed that the MR fluid brake was applicable to actuating

devices for assisting elderly people.

NOMENCLATURE

T = Total torque

1n=MR fluid viscous

® = Rotation speed of disk

g=MR fluid gap thickness

Rp=Disk’s outer radius

R,;= Disk’s inner radius

7,(H) = Yield stress of MR fluid by magnetic field

1. ME

2 71 Agsto] WAl wet /| ARHES) 28} Akt
o THalo] Z75HaL Qlk. ol wket Z|APgA] el 285
7] $lat AOPHA = AR OR B S Aot 4 Q= X7

-

Copyright © The Korean Society for Precision Engineering

Manuscript received: May 5, 2017 / Revised: August 26, 2017 / Accepted: September 4, 2017

QE| L Qlek! ofEf et Aol UREQL 71 AR E et of
et HaRzxr], T x7]7], 283 =3t(Wearable Robot)}
o] ZHofst ol é‘% TOoR 74%0] %@jﬁj LlES
Zopu A BHoR Hx
25 o] Fojx| L Qlet.>?

wOlE S o7t Bas |75 AolgAs BAS Hast 5
A Aol 27EE B8 Aofet 4= glofof s}, 2HgAje]
% oLt Aqlo] utek Alols} Golsfor Tkt Al A
23517] Y5k dutael Bgo|as tjAze}l Hyo|3 gjro] 7|
Al izl ofs) AEEM, A4H 0T A Taze] WY
1} BEgo|a wj=9] &40 7 9lg) PLA Ao BVsSlal 3
o B ol QJ8) 2HEshe Hilo|as EAE Alojslr] oy
q_'S,()

712 AFo)A 23 2R JIEH o] 58 A

Aerst] g1 A

5 ) vk AN mE] 93 7ES 30k 55 9 U
NG AGIAL, AA714 2 EX ER SAZ o83 B
Holag ogstel eI WS Tt 45Y @ v

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



190/ February 2018

SEEUZSEX| M35 H M25

27 AFEE T 558 WD AR 1R
Zag sto] =Ro 7A S7F E 27t 46k A
A= ©Ho] Qiok. 5% & §hy

2E-5(Stick-Slip) @4 wizoll Alej7F o9l FAgstaL,
Electro-Rheological (ER) GA|S ©]83t Ho|a= 43t
ZAwstoll fefshe whegh rRE ARto] Thsstal Alejdo] &
ARk AR ARSI 23St wEt aeF o w2 3 WA
A717] offet. oAl et A Exh= g 433l &

ic
N
y H

MR GAE o83t Hao|a:= FAE A7) A7]o| wket
MR §A4] 252 A3 o|gato] Aol 7hsg A=
ghch ARbARl BElo|aet B 557t gl Tt 1t
Fslol| fEjst e A A /BT S8t = A
MR 4= ER fA19F 2] A& 2ol

i

Hlsl e AQ ARE ol§le] & FUEAS WYX
Iets?

B eRoA 2t7te] Padntek MR S50 F) 3
US WPAA B EIS WAL S Ut BEe 120 Y
EEaa Bl MR §4) Beflola8 Austart. w5 Slat
H27| 750 AR s 9l BE EaS HYskn
A A58 Awstol AZSGch. AZE MR 7] Ho]=ie)
Q7 AFo] W2 B4 27k A5 2 RPM Mgkl 02 3
=g Felsb] $I) HAEHES TSGR 4P B
e SIStk

rd

2. MR §H| Ezo|3

2.1 MR |AHI2| 4

7154 A9l MR A1 sk RA1g0] o] w22 2]
o AYUAE BAAZL Sl MR IS o188 1A
G 7o) AlEAo] e FA ek AR 4 glon, A)
of SHLE} Wel taR Hoke] AojgH| 2 g 7Rssth”
SolA] Q71E ARl uteh WA 47140) A7|et Wi
wet fAle) ARy] HESL Ao Weshe Fig 13} 2L
E4 Uit

Fig. 1(ay= 2718 Q7FhA 29k u) fAle] 7t vl
o2 thebim, §AE 7B Gl 19e) A4 SARRS Belch
Fig. 1(by= H%2 Q71ske] 271go] 2
=408 MR fA0] Fabels 4714e] Wit A7) et
APEo] A% et AYeE delgch Fakes 1A A
o ute} MR fA2] =-g2o] Z7tstn] A4 A7) =dsta
2w MR A Ho) 3838 el <78} Hek. o)
ARE AARS o Ao A== Biste Fig @2t 2ol

(a) Without magnetic field (b) With magnetic field

Fig. 1 MR fluid property

Stator Rotor

by 0\

Torque generated

\

 J

f

Coil

’
:
-
G

MR fluid Magnetic field

Fig. 2 Drum type MR fluid brake

Stator Rotor

/ N

Coil MR fluid
Fig. 3 Disk type MR fluid brake

Torque generated

N

Disk Magnetic field

%
:
’

EO
48517 9lat e A7} olFolx| i Qe 0!

2.2 MR 84| Eg80|32e] &= 2 22|

MR 1S o83 najolat ZpgAle] AL o8
Elo} Aelo]el 2 ol ol x|, male] Mg skl FAJE 4
VS B3 E2S SAAIT MR §3] Belo]ae] 4w
A7\ AR 39 | o} :0] QIrhE Aol sk X714
A7)0 wek MR 4] BaoA0] SelEas Sefait,

MR §7] B0l MR 9419] Hghgelo] Mhalshs Hio]
whet =g E}g) Bejolael tad Blg) Hajolaz Lhich
Fig. 21 £ €19 MR §4) B#o]=0]n] 28] ojzto] 13/3]
= MR 3ol 271go] Satelo] =28 SAzIch. 4714
A3t7) Slat mURo| Hul} ASE Ag S B
R 94 vhae] 91%)7} 314 HomuE she) Auw &
E35 WAIA7)7] oYt Fig. 3 A BRYl MR £

%0
rl

£ ot

flo rr tlo



February 2018/191

Fig. 4 Mechanical shear mechanism of disk type MR fluid brake'
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Fig. 5 Modular design of a MR fluid brake

Table 1 Performance required for wearable robot actuator’

Degree of freedom tgfgié%:)li:e M::::(;Hn
Hip abduction 30 Nm 1 rad/s
Hip flexion 65 Nm 2 rad/s
Knee flexion 65 Nm S rad/s
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Table 2 Design parameter of MR brake

Brake design variable Value
Brake diameter 60 mm
Disk’s inner diameter 8 mm
Disk’s outer diameter 40 mm
Gap size 0.5 mm
MR Brake total thickness 43 mm
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Table 3 Materials applied to the MR fluid brake

Part name Material

Shaft Titanium
Non-Magnetic partition Aluminum

Rotor disk SM10C

Stator SM10C
Housing Aluminum

Blteslal

1.0000¢+000
9.2857e-001
8.5714e-001
7.8571e-001
. 7.1429¢-001
6.4286e-001
5.7143e-001
5.0000e-001
4.2857e-001
3.5714e-001
2.8571e-001
2.1429e-001
1.4286e-001
7.1429e-002
©.0000e+000

Fig. 7 MR fluid brake magnetic analysis result
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Fig. 8 Multi-Disk type MR fluid brake with modular structure
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